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Disk drive wifli improved tr^ control 
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The invention relates in general to a disk drive, and more specifically to an 
optical disk drive comprising a tray for receiving a disk, the tray being supported for 
movement between a first posttion within a casing of the disk drive and a second position 
projecting firom the casing, an electiic motor for moving the ttay between the first and second 
positions, and regulation means for regulating an electric current tiirough tiie motor for 
regulating the rotation of the motor. 

The invention also relates to a metiiod of moving a tray of a disk drive 
between a first and a second position under tiie control of an electric motor. 

As is commonly known, an optical storage disk comprises at least oiie track, 
eitiier in tiie form of a continuous spiral or in the form of multq>le concentric ciroles, of 
storage space where information may be stored in tiie form of a data pattern. An optical disk 
drive comprises inter aHa a tray for loading the disk drive, rotating means for receiving and 
rotating tiie optical disk, and light generation means for generating an optical beam, typically 
a laser beam, for scanning tiie storage track wifli said laser beam. Since tiie technology of 
optical disks in general and tiie way in which infonnation can be stored in an optical disk are 
commonly known, it is not necessary to describe tiiis technology in great detail. 

In optical data storage devices, tiie medium (e.g. tiie CD, DVD, or BD disk) is 
loaded into tiie disk drive by a loader mechanism, which generally comprises tiic tray, a 
tilting mechanism, and a (magnetic) clamp. To play or read a disk, tiie user places tiie'disk on 
tiie tray which, after tiie user has pressed a button or flie tray itself, teansports tiie disk into tiie 
disk drive. When tiie tray is inside tiie disk drive, tiie tilting mechanism tilts tiie turntable 
upwards such tiiat tiie disk is lifted off tiie tiray. Hie clamp, finally, fixes tiie disk onto tiie 
turntable. To eject tiie disk fi:om tiie disk drive, tiie loader mechanism is driven in tiie reverse 
direction. 

The loader mechanism (tray and tilting mechanism) is usuaUy drivai by a DC 
motor via a gear transmission. The electrical current/^ tiirough tiie motor obeys tiie 
following equation: 
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r„ is the voltage driving the motor. Vemf is the back-EMF voltage. R is the motor resistance, 
and i is the motor inductance. Usually a hardware switch (usually mechanical or optical) is 
included in the disk drive in order to detect whether the tray or the loader mechanism has 
completed an opening/closing action. Such a hardware switch is generally called a tray 
switch. It is known that the end stops of the tray motion can be detected by measurement of 
the tray motor current, as follows. When the tiay hits one of the end stops, the motor blocks 
and consequently the back-EMF voltage generated by the motor drops. This causes a sudden 
and remaining increase in the motor cunent. This increase in motor current at the end stop 
can be detected by n^eans of a level detection algoriflmi: if the current exceeds a certain limit 
for a certain amount of time, it is decided that the tray has reached a stop, and the motor is 
turned off. The motor current may be measured, for example, in that a measuring resistor is 
connected in series with the motor, and the voltage across the resistor is measured. Detection 
15 of the end stops from the motor current measurement obviates the need of a hardware 
(mechanical or optical) switch to detect the end stops. Detection of end stops by current 
measurement without a tray switch will be called "switchless detection" in the following. 

A shortcoming of Ac method of switchless detection compared with the 
traditional tray switch method is the uncertainty of the tray position. A tray switch gives 
20 complete certainly about whether the trajr is actually closed: if the switch is closed, the tray 
must be at either one of its end positions. Switchless detection does not give fim certainty 
about the actual position of the tr^ after a stop: it could be that the user of the disk drive has 
manually forced a tray stop at an mtermediate position. 

Another shortcoming of the method of switchless detection compared with the 
25 traditional tiay switch method is the twisting motion of the tray as it hits the outside stop. 

With switchless detection, a stop is detected after the tray has been 
mechanically blocked by the end stop. For a short duration, the tray is simultaneously being 
driven by the motor, and blocked by the end stop. The force that the motor exerts on the tr^ 
generally does not attach to the center of gravity of the tray. Furthermore, there is generally 
30 some mechanical play in the tray mechanism, particulary when the tray is at the outside 

position. Consequently, in this short phase in which the tray is driven and blocked at the same 
time, it can occur that the tray displaces sideways or twists. This kind of motion is undesired, 
especially in audio/video disk drives. 
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It is therefore an object of the invention to provide an improved method of 
detecting an end stop of a tray action. 

To achieve the object of the invention, the disk drive as defined in the opening 
paragraph is characterized in that the regulation means comprises detection means for 
5 detecting a back-electromotive signal (e.g. a voltage) produced during rotation of the motor 
for deriving position information of the tray with respect to the first and second positions. 

In this way the position of the tray can be inferred from the electrical current 
through die motor without any additional hardware components. 

An embodiment of the disk drive is characterized in that the regulation means 
10 regulates the electric current through the motor such that, during movement of the tray in a 
direction from one of the fust and second positions to the other one of the first and second 
positions, the rotation rate of the motor is gradually reduced when the position of the tray has 
reached tiie vicinity of the respective one of the first and second positions. 

By doing so, the undesired sideways or twisted motion of the tray mentioned 
15 above is eliminated or diminished. 

The invention also includes the methods as defined in claims 3 and 4. 



The invention will be described in more detail with reference to the 
20 accompanying drawings, in which: 

Figure 1 is a schematic drawing of a disk drive illustrating the tray function; 
Figure 2 is a first flow chart showing an inventive method for tray control of 
the disk drive; and 

Figure 3 is a second flow chart showing the inventive method for tray control 
25 of die disk drive in respect of a further improved stop control of the tray. 

In these Figures, parts or elements having like functions or purposes bear the 
same reference symbols. 



Figure 1 is a schematic drawing of a disk drive DRV. The disk drive DRV is 
implemented m an outer casing CS. A tray TR for receiving and transporting a disk is 
capable of sUding into and firom the casing CS in a direction indicated by "x". The indicated 
lengthwise direction of the tray TR does not exactiy match with the direction x. This is a 
situation which often occurs in the known optical disk drives. It is caused by the fact that 
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when the tray TR moves from a first position in which it is within tiie casing CS to a second 
position projecting from the casing CS, the movement of the tiay TR has suddenly been 
stopped by the blocking means (or end stop) BLK. As a consequence, forces DRF cause a 
rotation RT since generaUy the forces DRP do not attach to the center of gravity of the tr^ 
5 TR. Furthermore, diere is generaUy some mechanical play in the tray mechanism. The tray 
TR is controlled by a motor (not indicated in Figure 1). In die invention the stopping of the 
tiajr TR is initiated by information received from the back-EMF electromotive signal (voltage 
or current) of die motor. Also, preferably, with die aid of diis information a slowdown or 
braking action can already be initiated a short distance before the desired stopping position is 
10 reached. 

The electromotive back-EMF voltage Vemfis pioportiraial to tiie (angular) 
speed of Ae motor. It is expressed by die following equation: 
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""■r^c df (2) 



JSr« is tiie so called back EMF constant of the motor. 

Combming equation [2] and equation [1] results, after integration, in the foUowing 
egression for the angular position of the motor at time f. 

<>(O = ^(0)+-i-j^J(F,(O-i?/„(O)d^-£{/„(O-/„(0))j. (3) 

Given diat « and £ are known, and assuming that *(0)=0, die above expression allows to 
infer die angular position of die motow, because is known and /„ is measured by detection 
25 means. The detection means, which is part of the regulation means which regulates die motor 
(also in die known disk drives), m^ be implemented, for example, by a resistor in series witii 
the motOT. The voltage across tins resistor is then a measure for /„. Widi respect to die 
position of the tray, denoted x, it holds that 
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X=Ot(|), 



(4) 
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with abeing some known constant The positioii measurement can be simplified fiirdier by 
assuming that the motor inductance L is negUgibly small, which is aUowed in most cases. 
Then one only needs to know the value of the motor resistance R in order to infer the position 
of the tray. 

5 Figure 2 is a first flow chart showing an inventive method for tray control of 

the disk drive DRV. It illustrates how position measurement can be used to enhance 
switchless detection. If, for example, during a closing motion the tray TR is blocked (e.g. 
manuaUy) at some intermediate position, the optical disk drive, using the inventive method, 
will subsequently responds by opening die tray TR and returning to its original (open) 
10 position. Position or displacement information of the tray TR can be used to enhance 

switchless detection, as follows. Position information can be used by the Iray open and close 
algorithm to conclude whether the tray TR has completed a fiill open or close motion. Proper 
action can be taken if the tray TR has only opened halfway, e.g. because a user has manuaUy 
blocked the trsgr TR. The tray TR can be stopped just before it reaches the outside stop. This 
15 prevents twisting of the tray at the outside end stop. In this way, the shortcomings of 
switchless detection compared with detection wifli a tr^ switch are overcome. 

Figure 3 is a second flow chart showing the inventive method for tr^ control 
of the disk drive in respect of fiirther improved stop control of the tray TR. The availabiUty of 
the knowledge of the tray position during a tray movement renders it possible to stop the tray 
TR in a very controlled and smoodi manner. A slowdown or braking action can already be . 
initiated a short distance before the desired stopping position is reached. Even if a tray switch 
is present, measuring the position of die tray TR as described above can be beneficial. Using 
the tray switch, the exact position of the tray TR is only known if tiie tray TR is at either one 
of tiie end stops. Witii position measuremaft^ the tray position is also known when it is at 
intermediate positions. This information can be used to enhance tire open/close algoridmi, 
e.g. in the form of initiating a slowdown or braking action just before reaching the end stop. 

Position measurement according to equation P] requhres computation of the 
integral (Vm-^^- In the actual digital implementation this integration can be 

aiqiroximated by a summation. In this case the position at a sampling mstant n is 
30 approximately given by 



*W=*[0l+^ £ (vjkyRijk]). (5) 
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Here, T represents the sampling time of the digital implementation. Note that 
equation [5] is the simplest possible approximation of the rategral in equation [3]. Better 
approximations, such as trapezoidal approximation, Simpson's rule, and more elaborate 
methods, may also be used. Such methods can be found in various recognized handbooks. 
5 The computation of the tray position with equation [3] may be disturbed by measurement 
inaccuracies, noise, and drifts. Therefore, prefembly, the measured position is caKbrated once 
in a while. For this purpose it is advised to reset the measured position to zero (see Figure 2) 
whenever the tray TR is known to be inside the casing CS. If a disk is in the disk drive DRV 
and can be played or read by the disk drive DRV, then one is absolutely sure that the tray TR 
10 is the innermost position, and the tr^ position can be reset to zero at this point 



